Study design: Retrospective population-based epidemiological study. Objectives: To assess the nationwide, population-based incidence, causes, age, gender, extent and prevalence of spinal cord injuries (SCIs) 1975-1979, 12.5 in 1995-1999 and 33.5 in 2005-2009. Thirty-day mortality was 6.3%. Causes of injury were road traffic accidents (RTA) in 42.5% of the cases; the majority did not use seatbelts. Falls amounted to 30.9%, with an increase of low falls among the elderly causing incomplete cervical lesions. Sport/leisure activities were the cause in 18.8%, of which 54% occurred after 2000. The main single cause of TSCI in sport/leisure were horse-riding accidents, followed by winter sport accidents, especially among women. Other causes constituted 7.7%. The injury was complete in 39%; cervical lesions were 57% and thoracic/lumbar lesions were 43%. In December 2009, the crude prevalence rate was 526 per million population. Conclusions: The findings showed a significant increase of TSCI in 2005-2009, especially in sport/leisure accidents and incomplete cervical lesions due to falls among elderly. Prevention strategies need to focus on these risk groups and on seatbelt use.
INTRODUCTION
Spinal cord injury (SCI) has a lifelong serious impact and has high economic costs for the injured patients, their families as well as for the society. Even though research is progressing, curative treatment for this serious injury is still not available. Therefore, it is essential to develop programs for prevention of SCIs. 1 In a literature survey on the incidence, prevalence and epidemiology of traumatic spinal cord injury (TSCI) in 2006, Wyndaele and Wyndaele 2 found large differences in the incidence of TSCI worldwide. According to their findings, the incidence varied between 10.4 and 83 per million population, whereas most countries reported an incidence of 15-30 per million population. However, the studies had different inclusion criteria. Some of them reported the incidence in those who survived the acute stage 3 whereas other studies included pre-hospital mortality cases as well. 4 Epidemiological studies from Canada 5 included patients from 15 years of age, and studies from Sweden 6 and Finland 7 included patients from 16 years of age, whereas a study from Western Norway 8 included all ages. Direct comparison between studies can therefore be difficult because of the different inclusion criteria and differences in data collection. Epidemiological studies can be hospital based or population based, where national incidence and prevalence is often estimated from a smaller portion of the population.
Case verification and quality of registers must also be reliable so that all cases of TSCI are recorded.
The population of Iceland increased from 217 000 to 320 000 inhabitants during the study period. 9 Landspitali University Hospital is the only referral hospital for TSCI in Iceland and the Department of Rehabilitation the only center in Iceland with a multidisciplinary SCI team. The fact that all TSCI patients in Iceland have been admitted to Landspitali University Hospital in Reykjavík for more than three decades gives a good ground for a nationwide population-based study of the epidemiology of TSCI. The aim of this study was to collect information and analyze changes in the incidence, causes, age, gender and extent of all TSCI cases in Iceland from 1975 to 2009 and to estimate the prevalence of TSCI.
Analyzing the risk groups for TSCI is important in order to be able to improve prevention strategies, management and health-care services for TSCI.
MATERIALS AND METHODS
In a descriptive retrospective study, hospital records from Landspitali University Hospital were screened for TSCI patients with the ICD-9 (International Statistical Classification of diseases and related health problems) diagnostic codes 806 and 952, 10 and since 1997 with the ICD-10 diagnostic codes S14, S24 and S34. 11 Patients with isolated injuries of nerve roots and patients diagnosed with a symptom duration of o2 weeks were excluded from this study.
TSCI-related injuries causing death before reaching hospital were also excluded. Statistics on the Icelandic population during the period were acquired from the Statistics Iceland. 9 The study was approved by the Hospital Ethics Committee and the Data Protection Authority in Iceland.
Definition and classifications
The causes of injury were defined according to the International SCI core data set. 12 RTA were subdivided into car, motorcycle, bicycle and pedestrian accidents. Falls were subdivided into low falls (o1 m), high falls (1-5 m) and high-energy injuries (45 m). Sport/leisure-related accidents were subdivided into horse-riding accidents, winter sport accidents such as skiing, snowboards and snow scooter accidents, diving accidents and other sport/ leisure-related accidents, which included paragliding, bicycling, four-wheel terrain vehicles, motorcycling, gymnastics and parachuting. Other causes of injury included blows, airplane accidents and assaults. The level and extent of SCI was defined according to the International Neurological Classification of Spinal Injury using the American Spinal Injury Association Impairment scale at discharge from the hospital, including American Spinal Injury Association A to American Spinal Injury Association E classification. 13 The mortality rate was defined as death within 30 days of injury.
Statistical analysis
The study was a descriptive analysis of all TSCI cases in Iceland during the study period. The crude annual incidence of TSCI in Iceland was computed for Table 1) .
RESULTS

Incidence
Prevalence
The prevalence rate of TSCI was based on the survival data on 31 December 2009 of all SCI patients included in the study, as well as of 10 patients injured in 1973 and 1974. A total of 167 TSCI patients were alive, giving a crude prevalence rate of 526 per million population. Causes of injury RTA was the most common single cause of injury, resulting in 42.5% (N: 88) of TSCI patients. The majority were males (68%, N: 60) and the mean age was 33.7 years, 34.6/30.3 years for males/females, respectively.
In 91% (N: 80) of RTA, the injured patients were involved in car accidents, of whom 5 were pedestrians. Motorcycle accidents were the cause of TSCI in seven cases and one was due to a bicycle accident. The majority of car accidents occurred in rural areas, where the driver lost control of the car, resulting in a rollover. In 72% (N: 54) of TSCI patients from 75 car accidents it was recorded that seatbelts were not used. Information on seatbelt usage was not available in 5% of the patient records (N: 4). Falls were the cause of injury in 30.9% of the cases (N: 64), with a male/female ratio of 49/15. The mean age in the group of low falls (o1 m) was 62.5 years, while the high falls occurred mainly in the younger age groups. The mean age was 43 years for high falls (1-5 m) and 31.4 years for high-energy falls (45 m) ( Table 2) .
There , that is, 36% of all sport/leisure accidents, with a male/female ratio of 7/7. Winter sports, such as skiing, snowboards and snow-scooter accidents, were the cause of injury in 23% (N:9) of sport/leisure accidents, with a male/female ratio of 4/5.
Other causes of sport/leisure accidents leading to TSCI were diving (N: 5), paragliding (N: 3), gymnastics (N: 2), bicycling (N: 2), The 30-day mortality rate was 6.3% (N: 13). Of these 12 patients had a complete cervical lesion and 1 had an incomplete cervical lesion. A total of 11 patients died within 5 days of injury.
The age groups and cause of injury related to the level and extent of injury are shown in Table 3 . 6 10 per million population in Finland 7 and 26.3 per million population in Western Norway. 8 The increase in incidence rate in our study was higher than that seen in these studies, but lower than that in studies from Canada 5 and the United States 14 . Direct comparison is however difficult, as the inclusion criteria in the studies from Canada, Sweden and Finland are different.
There was a considerable increase in female ratio in 2000-2004/ 2005-2009, which is in contrast with a similar study from Western Norway, 8 where the incidence rate for the males increased more than for females. However, some other studies have shown a slight increase in the female ratio. 2, 14 RTA were the leading cause of injury, which is also seen in studies from Canada 5 and the United States. 14 The majority of TSCI from RTA were seen in the younger age groups, as reported also by other studies. 1, 8, 14, 15 The quality of roads in Iceland has improved considerably during the past decades and the number of cars has increased enormously during these 35 years. RTA have not increased in proportion to the population growth and the increased car ownership. The fact that the majority of RTA that resulted in TSCI occurred in rural areas where seatbelts were not used is a matter of great concern.
Falls were the second leading cause of TSCI, whereas findings from the Nordic countries showed that falls are the leading cause of injury. [6] [7] [8] The study showed a significant increase in falls during [2005] [2006] [2007] [2008] [2009] . Falls were the predominant cause of injury in the age group Z61, most often low falls leading to incomplete cervical lesion. Similar results have been shown in other studies. 1, 5, 7, 8, [14] [15] [16] [17] The majority of work-related falls leading to TSCI occurred in the construction industry. In recent years, the prevention strategies in the construction industry have improved considerably with increased safety regulations. In 2005-2009 an increase in the workforce in the construction industry in Iceland was seen, and this might explain the increased work-related TSCI due to falls during that period.
There was a significant increase in sport/leisure-related accidents in 2000-2004/2005-2009 . Horse riding and winter sports were the main causes of sport and leisure accidents, especially among women, and is of concern. In recent years, horse riding has become very popular in Iceland.
The incidence of cervical injures was higher than that of thoracic/ lumbar injuries as in many other studies. 1, 3, 5, 6, 8, [14] [15] [16] In one-third of 18 and in a study from Western Norway, 8 where the prevalence rate was 365 per million population. Studies on prevalence of TSCI have shown 534 per million population among persons of all ages in Australia, 19 which is similar to our findings, and 700-755 per million population in the United States, according to Wyndaele in 2006. 2 The authors have considered the reason for the decrease in incidence of TSCI in 1995-1999 and the increase of TSCI in 2005-2009. These changes in incidence coincide with changes in the gross domestic product and private consumption in Iceland in these periods, as there was an economic downswing in Iceland in the period 1990-1999 and an economic upswing after 2000 according to an overview of Gross Domestic Products and Gross National Product 1945-2010 from the Statistics Iceland. 20 This might have led to changes in lifestyle and increased participation in sport/leisure activities leading to an increase in SCIs.
The study included the total population-based nationwide number of patients with TSCI over a period of more than three decades, with a good demographic overview of patients, causes, level and extent of injury, trends and incidence.
The main findings of our study showed a decrease in incidence in 1995-1999 and an increase of TSCI in 2005-2009, especially increased sport/leisure accidents and incomplete cervical lesions due to falls among the elderly, and this is of concern. Although seatbelt use is mandatory in Iceland, the number of RTAs where seat belts were not used is also of great concern.
On the basis of these findings on the epidemiology of TSCI in Iceland and the increase of TSCI, prevention strategies need to be improved with special emphasis on sport and leisure activities and with a focus on horse-riding accidents and winter sport, especially among women. It is also of great importance to put a special emphasis on prevention against falls, especially among the elderly. Improved prevention strategies related to seat belt use and driving in rural areas is also needed.
